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ABSTRACT
Residential development on the urban fringe is a 
complex process. Developers are confronted with a 
diversity of considerations that has made site selection 
a difficult task. A possible solution may be the 
creation of a comprehensive information system to aid 
developers in their general site selection decisions. 
This study, then, is intended as a first step toward the 
development of such a system. The primary objectives of 
the study were four-fold: (1) to demonstrate that there
is more to a landscape than meets the eye; (2) to provide 
developers with a unique way of looking at some of the 
geographic concerns that confront them; (3) to hopefully 
provide an aid to developers regarding their general site 
selection decisions; and (4) to suggest a paradigm for a 
comprehensive geographic information system (GIS).
The study is conceptually-oriented. A GIS was 
created in which the distribution of selected physical 
attributes was employed to determine site desirability 
for residential development. The following
considerations were included in the study: (1) the
availability of paved streets; (2) the availability of 
utilities (sewer, water, and gas); and (3) the 
availability of favorable topography. Physical 
"desirability" surfaces were generated for a study area
to reveal the presence of, and accessibility to, each of 
the desired features. The culmination of the study was 
the creation of a final desirability surface which 
revealed aggregate residential development potential from 
the standpoint of economic feasibility.
The system created in this study represents a 
working part of a proposed comprehensive GIS tor 
residential development planning. Before any real-world 
applications are undertaken, an expansion of the system 
would be required. However, this working system displays 
potential as a good starting point towards the creation 
of more advanced systems that would accommodate 
ever-larger and more diverse data bases.
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CHAPTER I: INTRODUCTION
1.1: INTRODUCTION
Man's influence on a landscape can be dramatic. The 
impact of man is particularly evident in the development 
of the urban environment where social, political, 
cultural, and economic forces have combined to impart 
drastic changes. The periphery of the city, referred to 
as the urban fringe, serves as the location of this 
study. By examining one aspect of the urban fringe, 
urban development, it is the intention to demonstrate a 
more comprehensive and manageable view of urban space.
The development of urban land is a process that, 
from its often haphazard beginnings, has evolved into 
something of a science. Today's commercial developers 
minimize risk by incorporating market analyses as a means 
of determining the feasibility of, and demand for, a 
particular project. Concurrently, governmental bodies 
have placed restrictions on uncontrolled development. 
Federal, state, and local authorities have enacted and 
enforced regulations to control urban growth. Zoning 
ordinances and comprehensive plans have been the most 
explicit examples of the concern over unchecked urban 
growth. Together, these restrictions have made 
developers more selective and more responsible in their 
development decisions.
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The above considerations have significantly 
increased the complexity of the development process. 
Building on an urban site with little regard for 
compatibility with surrounding land uses is no longer 
permitted. Today, developments must often comply with 
comprehensive urban development plans as well as specific 
zoning regulations if the developer has realistic hopes 
of carrying out the project. Site selection is 
restricted, the degree of which is dependent on the type 
of development being planned (examples include 
residential subdivisions, office buildings, and shopping 
centers ) .
The site selection process involves several 
important factors. Beyond market analyses, there are 
numerous geographic considerations that weigh heavily in 
the selection process. Among these are accessibility, 
topography, proximity to amenities and detriments (for 
residential development examples would include parks and 
heavy industry, respectively), traffic flow, current 
zoning, utility availability, demographics, spatial 
relationships among existing land uses, location of 
undeveloped and underdeveloped parcels of land, and the 
comprehensive urban development plan. Together, this 
diverse collection of information presents the developer 
with a substantial task in the selection of optimal sites 
and uses.
2
The basic problem confronting the developer is data 
handling. The amount and variety of information utilized 
in the site selection process can be enormous. 
Developers have expressed a need to speed up the analysis 
process (Kerkhoff, 1985; Trustin, 1985; and Matz, 1985) 
and computer technology presents a possible solution. 
Computers can offer the advantages of considerable data 
storage, fast data retrieval, and the ability to quickly 
manipulate large amounts of information. Thus, a 
computer-based information system could significantly 
simplify and speed up the site selection process.
The present study will develop a computer-based 
information system to investigate one aspect of the site 
selection process for residential development. 
Specifically, the intent is to analyze the distribution 
of selected physical attributes as an indication of site 
desirability. In general, three indicators of site 
desirability will be utilized. These include topography, 
and street and utility availability. The term 
"desirability," as used here, will be defined as an 
indicator of residential development potential from the 
economic standpoint. Specifically, desirability will be 
determined based on the presence or absence of paved 
streets, utilities, and favorable topography. It is the 
goal of this study to consolidate such information into a 
geographic information system (GIS). The proposed system
3
is but one aspect of a would-be comprehensive GIS for 
residential development.
A GIS is a system, commonly computer-based, designed 
specifically to handle spatial data. In particular, 
geographic information systems have been developed to 
meet the problem of manipulating large volumes of 
geographically-referenced data. Generally, such systems 
perform four functions--data input, data storage and 
retrieval, data manipulation, and report generation. The 
designing of a GIS requires that consideration be given 
to a diverse collection of informational, hardware, and 
user requirements and limitations. Figure 1.1 displays 
the basic overlay function that is typical of a 
geographic information system.
This particular GIS will consist of a series of 
overlays containing the following information: (1) the
location of developed and undeveloped parcels within the 
study area; (2) the areas of favorable and unfavorable 
topography; (3) the availability of paved streets; and 
(4) the availability of utilities. The
computer-generated overlays can be depicted as 
"desirability surfaces" in which peaks and valleys will 
represent areas of higher and lower desirability, 
respectively (See Figure 1.2). The final surface will 
show only the undeveloped parcels with favorable slope 
and their corresponding level of aggregate desirability
4
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Figure 1.1: The GIS - A system of overlays.
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for development. It is the underlying intent of this 
project to provide developers with a new way of looking 
at some of the geographic considerations that concern 
them and perhaps help them to make more sense out of the 
complexity that is urban space.
1.2: STATEMENT OF PURPOSE
The intention of this study is to develop a 
geographic information system concerned with site 
selection (as based on the presence of selected physical 
attributes) and evaluate the potential of such a system. 
A section of metropolitan Omaha will be used as the study 
area. The desirability surfaces, with the added vertical 
dimension, will provide a more revealing indication of 
desirability than can be seen from a standard 
two-dimensional map. The selected components of economic 
desirability will be combined to produce an aggregate 
surface that will reveal the spatial variability of 
desirability over the study area. Analysis of the 
surface will focus on the geographic aspects of the 
information displayed. Ideally, the study will yield a 
working part of a comprehensive GIS that will, indeed, 
prove useful to residential developers as a viable tool 
to aid them in their site selection decisions.
7
It must be emphasized that this study is intended as 
an investigation of one aspect of a comprehensive GIS for 
residential development. Locally, developers have 
expressed considerable interest in the development of a 
comprehensive GIS addressing site selection
considerations (Matz, 1985; Kerkhoff, 1985; and Trustin, 
1986). This study, then, is a first step toward the 
creation of such a system. It is hoped that the study 
will yield significant findings for the creation of a 
comprehensive GIS that will be worthwhile to people both 
within and outside of academia.
1.3: LITERATURE
A similar study was undertaken by Bessette (1977). 
Utilizing survey data that addressed a multitude of 
socio-economic concerns, Bessette generated residential 
desirability surfaces for the state of Rhode Island. The 
surfaces depicted the most and least desirable areas 
within the state as based on the perceived preferences of 
the residents. The findings revealed that the residents 
preferred shore areas most and urban areas least. 
However, when compared to the population distribution, it 
was discovered that no significant population shift to 
the shore was evident. The reasoning behind this finding 
was believed to be the propinquity of the coast to the 
entire state, thus negating the need for residents to
8
locate nearer the shore. Overall, the study was intended 
to reveal the perceived desirability of Rhode Island 
residents and subsequently to aid planners and builders 
in their decision-making processes.
A terrain classification system for residential land 
use suitability was the result of a study conducted by 
Grime (1972). An overlay process was employed to 
determine optimal, marginal, and unsatisfactory sites for 
residential development in the area surrounding Kingston, 
Ontario. Factors utilized included soil type,
topography, drainage, and depth to bedrock. The system 
was intended to aid regional planners while 
simultaneously emphasizing the need for natural resource 
conservation in comprehensive regional planning.
Another study, by Moriarty (1970), analyzed 
residential location preferences in the Lansing-East 
Lansing, Michigan area. The study focused on the 
relative significance of two primary locational 
considerations--employment accessibility and social 
distance— and investigated which of the two factors was 
the major influence on the urban residential pattern. 
Employing locational preference data from various 
socio-economic groups, a spatial allocation model was 
developed. Results of Moriarty's study revealed that, 
for this area, social considerations were more important 
than proximity to employment in selecting residential
9
sites.
Much research has been conducted in the area of 
urban modeling. Numerous models have been offered 
dealing specifically with urban development (Chapin and 
Weiss, 1962; Graybeal, 1966; Doherty, 1977). An 
extensive study by Clark (1975) provided a considerable 
review of existing residential system models as well as a 
new model. Clark's Residential System Simulation Model 
emphasized the interaction of supply and demand within 
the housing market. Utilizing hypothetical data, several 
tests were conducted to analyze system responsiveness to 
different data inputs, model structures, and parameter 
specifications. The model was intended to provide 
understanding of the determinants of evolving patterns of 
residential location. The test results demonstrated that 
the model has significant potential to serve in this 
capaci ty.
Locally, a housing development study was recently 
undertaken by the Omaha City Planning Department (1985). 
The questions addressed by the research were: (1) how
many housing units will be constructed between now and 
2010?; (2) where will the units be built?; (3) how long
will the current supply of platted land last?; and (4) 
how much, if any, additional platted land will be needed? 
The analysis was based on local factors including changes 
in population, changes in family size (persons per
10
household), distribution of housing units among 
single-family and multi-family housing, demolition rates, 
and vacancy rates. Projected trends in these factors 
were employed to estimate the number of new housing units 
that would be needed in the years to come.
The planning study consisted of two parts. The
first part provided projections of single and
multi-family housing needs at five-year increments from 
1985 to 2010. The second part determined where future 
development would likely occur (as based on criteria such 
as the availability of platted land and infrastructure). 
Both aspects of the study were conducted for two
different scenarios— medium growth and high growth. The 
majority of the project was computerized to allow for the 
ready manipulation of variables within the system.
Much work has been done in the areas of urban 
modeling, residential location analysis, and spatial 
analysis of residential development. However, little 
applied research has been undertaken employing the 
"desirability surface" component that is used here.
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Figure 1.3: The study area in relation to the City of Omaha. The
study area (shaded) is located on the urban fringe in northwest 
Omaha (scale: 1:190000).
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Figure 1.4: A close-up of the study area. The area is
delimited by Bennington Road on the north, 60th Street 
on the east, Rainwood Road on the south, and 72nd Street 
on the west (scale: 1:14000).
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delimiting streets are Bennington Road on the north, 60th 
Street on the east, Rainwood Road on the south, and 72nd 
Street on the west. The areal size used here was 
selected on the premise that, given the experimental 
nature of the study, a small study area is more practical 
than a large study area. Restated, a small study area 
results in a more manageable data base and yet it still 
provides the same answers and results as one which is 
larger in areal extent.
Chapter II follows with a detailed discussion of 
methodology and analysis. Chapter III presents the 
comprehensive GIS and its ramifications to be followed by 
conclusions in chapter IV.
15
CHAPTER II: METHODOLOGY AND ANALYSIS
This chapter concerns the techniques and 
considerations central to the creation of the residential 
development GIS. Beginning with an overview of the 
procedures for data capture, manipulation and display, 
the individual surfaces are then presented and described. 
The chapter concludes with a discussion of the final 
desirability surface.
2.1: OVERVIEW OF PROCEDURE
The project was accomplished with various computer 
hardware and software resources available at the 
University 6f Nebraska at Omaha (See Appendix 1). The 
generation of the surfaces involved three basic steps: 
(1) Digitization; (2) Interpolation and Rasterization; 
and (3) Display. These procedures will be explained in 
the following sections.
2.1.1: Assumptions
Various assumptions were made to clarify the intent 
of the study. A fundamental assumption concerned the 
type of residential development. This is an important 
consideration as it largely determines the necessity, 
size, type, and cost of paved streets and various kinds 
of utilities. For this study it was assumed that future
16
residential development would be single-family, 
middle-income, and medium-density (4 lots per acre) 
housing. This assumption was required to enable a 
meaningful assignment of the index values to each of the 
desired features since the values of the individual 
indices of desirability will vary with the type of 
residential development.
A corollary assumption was that paved streets and 
sewer, water, and gas service are to be included as part 
of the development. The paved streets and water and 
sewer service are justified assumptions as they are 
usually mandatory for developments of this density 
(Jensen, 1986). Electricity was not included as one of 
the indices because of its relatively low installation 
cost. Therefore, a surface depicting accessibility to 
electricity would be of limited utility as the entire 
area would generally be considered accessible.
The desire to focus exclusively on costs internal to 
the study area required a third assumption. It was 
assumed that connections to offsite gas, water, and sewer 
facilities would not be a problem (physically or 
economically). This assumption is realistic for all but 
the gas which, for a large development, would involve 
considerable cost for this area owing to the distance 
involved to the offsite hook-up (Jensen, 1986).
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A final assumption concerned existing housing within 
the study area. It was assumed that existing isolated 
homes could be readily integrated into subsequent 
development. A check of cadastral maps from the County 
Assessor's Office supported this assumption. Whereas 
multiple-ownership of properties is a potential roadblock 
to land assembly, the maps revealed that the undeveloped 
parcels within the study area were predominantly under 
single-ownership (a very important amenity to 
developers). Additional assumptions were also made and 
will be addressed individually in the following sections.
2.1.2: Digitization
The first step in the generation of the individual 
surfaces involved the digitization of the appropriate 
information from maps. Digitization is the process of 
converting point locations on a graphic image to plane 
(x,y) coordinates for computer processing (Monmonier, 
1982).
The surfaces depicting accessibility to paved 
streets, sewer mains, water mains, and gas mains were 
created employing pre-determined index values. The index 
values represent the relative cost of installation of 
each of the features. Each surface entailed the 
digitizing of the desired feature within the study area 
and the assigning of the appropriate index value. The
18
next step was the creation of slope away from the desired 
features. Slope was used to indicate decreasing 
desirability with increasing distance away from the 
desired feature. To create slope, a pre-determined 
distance was used to signify the distance at which a site 
was no longer considered accessible to the feature. This 
distance, in effect, allowed for the creation of elongate 
"ridges" of desirability, centered along the desired 
features, beyond which desirability was considered zero.
The creation of the desirability "ridges" 
necessitated the placement of "zero lines" at the 
pre-determined distance away from the feature. The "zero 
lines" paralleled the feature lines, on both sides, and 
were assigned a value of zero. It is the incorporation 
of the "zero lines" that enabled the creation of slope 
when the data file was processed. Further, secondary 
"zero lines" were placed just beyond the initial "zero 
lines." This operation was required to assure that 
nothing but zero values were placed in areas beyond the 
perceived accessibility limit. Thus, areas that were 
exceedingly far from the desired feature were correctly 
depicted as undesirable (i.e. index value equals zero) 
when the surface was generated. Figure 2.1 demonstrates 
the technique used to create slope.
19
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Figure 2.1: The creation of slope in the surfaces re ­
quired the placement of "zero lines" parallel to the 
feature lines. Represented is the original map used 
in the generation of the paved street surface. The 
solid lines represent the paved streets within the 
study area. The dashed lines represent the primary 
"zero lines" located at the specified accessibility 
limit. The dotted lines represent the secondary 
"zero lines" placed just beyond the initial "zero 
lines." When processed (i.e. interpolated and raster­
ized— see discussion in Section 2.1.3), the resultant 
data file enabled the creation of slope.
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The digitization of the slope and land use surfaces 
involved a binary classification. The process consisted 
of the digitizing of areal polygons and the assigning of 
the index value. The slope surface delimited areas of 
favorable and unfavorable slope for residential 
development while the land use surface revealed parcels
of developed and undeveloped land.
2.1.3: Interpolation and Rasterization
Following the digitization of the information, the 
data files were rasterized. Rasterization (a.k.a. 
vector-to-raster conversion) is the process by which
vector data (directed line segments stored as series of
point coordinates) are converted to raster data (matrices 
of grid cells) (Monmonier, 1982). The initial vector 
data files were rasterized because overlay operations are 
easier to perform when raster data are used. Also, the 
mapping software employed require the information to be 
in raster mode for the generation of maps.
An important decision in the rasterization process 
is the selection of the matrix size (i.e. resolution). 
A principal consideration regarding resolution is that 
the unit size be sufficiently small to effectively and 
accurately display the information. The decision was 
made to employ 80 X 80 data matrices (with one cell 
equating to an area measuring 66 X 66 feet). Each cell
21
is approximately half the size of a standard house lot 
(60 X 125 feet). This resolution was deemed acceptable 
for the purposes of this study (i.e. general site 
selection considerations) (Black, 1986; Jensen, 1986; and 
Ke rkhof f, 1986).
For the surfaces in which slope is created (i.e. 
the paved street and utility surfaces), an essential 
aspect of the rasterization process is a technique known 
as interpolation. Interpolation is the process by which 
unknown points are assigned values. The process involves 
a numerical approximation in which the assumption is made 
that the value of unknown points is determined by the 
distance to and value of surrounding known points 
(Monmonier, 1982).
2.1.4: Di splay
The final step of the operation was the creation of 
the surfaces using the processed data matrices. Several 
considerations are involved in the generation of the 
surfaces. For three-dimensional surfaces, decisions must 
be made concerning viewing azimuth, viewing altitude 
(above the horizontal plane), and vertical exaggeration 
of the distribution (Monmonier, 1978). A general 
guideline states that the higher points of a distribution 
should be placed toward the back of the display to reduce 
the loss of information due to "blockinq" (i.e. some
22
areas are inevitably hidden from view because they are 
located behind the higher points of the surface). A 
compromise usually results because vertical exaggeration 
is desirable from the visual standpoint but troublesome 
from the informational standpoint in that the amount of 
information "blocked" from view is directly related to 
the amount of vertical exaggeration employed (Crawford 
and Marks, 1973 ) .
Following experimentation, the decision was made to 
use a standard vertical scale of 1 inch and a standard 
viewing altitude of 60 degrees for the surfaces. Also, 
given the relative simplicity of the surfaces, it was 
decided to employ a standard viewing azimuth of 0 (i.e.
the view is to the north). These considerations were 
standardized for the purpose of comparison among 
surfaces.
2.2: THE INDIVIDUAL SURFACES 
2.2.1: The Assigning of the Index Values
The generation of the desirability surfaces involved 
a quantification technique in which values were assigned 
indicating the proximity to the desired features. In 
other words, the highest index values were assigned to 
the immediate areas where the paved streets, gas mains, 
water mains, and sewer mains were located. 
Correspondingly, lower index values were assigned to
23
those areas away from, or devoid of, the desired 
features.
The assigning of the index values was a difficult 
task owing to the wide range of variables involved 
(examples include the type of development, cost of 
materials and labor, local building specifications, the 
state of the economy, etc.). However, given the 
previously-discussed assumptions regarding the type of 
residential development and the offsite availability of 
utilities, a meaningful determination can be made. The 
decision was made to focus on the development costs 
strictly internal to the site (thus, such external costs 
as distance to offsite utility connections and delivery 
of materials were excluded). Further, the weighting of 
the index values was based on the relative cost of 
installation of the features rather than on capacity. 
Therefore, the surfaces generated represent an existent, 
rather than a functional, view of the desired features 
within the study area.
A final consideration concerned the proximity of 
individual sites to the desired features. It was hoped 
that some specific distance could be established at which 
a site was no longer considered accessible to the feature 
in question. Such a distance is required to determine 
the slope of the surface away from the peak index 
regions. Discussions with persons in both the planning
24
and development sides of housing revealed that no exact 
distance could be established; again, owing to the wide 
range of considerations at hand (Jensen, 1986; and 
Kerkhoff, 1986). However, an estimation of 500 to 600 
feet has been suggested (Jensen, 1986). Subsequent 
experimentation revealed that such a distance, though 
justified from the realistic standpoint, was troublesome 
from the graphic standpoint. So much of the study area 
was depicted as accessible that the utility of the 
surface was diminished. Further experimentation
demonstrated that distances of 100 and 200 feet created 
surfaces that were more comprehensible. Subsequently, a 
conservative distance of 300 feet was selected as the 
standard distance (i.e. accessibility limit) for the 
surfaces.
The index values used for this project were based on 
estimates of cost provided by the Omaha City Planning 
Department (Jensen, 1986). The values were established 
as a percentage of every dollar that would be spent on 
the installation of the desired features. The breakdown 
was as follows: 45% would be spent on the installation
of paved streets, 25% on sewers, 20% on water mains, and 
10% on gas mains (Jensen, 1986). These percentages 
served as the numerical basis upon which the surfaces 
were created.
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2.2.2: The Paved Street Surface
The first surface created depicts the availability 
of paved streets. The information for this surface was 
derived from a 1985 city street map from the Omaha City 
Planning Department. The existing streets within the 
study area are depicted in Figure 1.4. The creation of 
the surface involved the digitising of the existing paved 
streets (unpaved streets were excluded) and the 
subsequent assigning of the index value. For each of the 
surfaces, the initial index value was doubled to enhance 
the vertical contrast within and between the surfaces. 
Therefore, paved streets within the study area were 
assigned an index value of 90 because they represent 45% 
of each dollar spent on installation costs. The "zero 
lines" were located and digitized at the standard 300 
foot distance away from the streets. Correspondingly, 
the secondary "zero lines" were placed just beyond the 
initial "zero lines." The resultant data file was 
rasterized and used to generate the surface.
The surface created was as it appears in Figure 2.2. 
When compared to the city street map (Figure 1.4), the 
exclusion of the unpaved streets becomes apparent. The 
streets omitted include Morgan Circle, Bennie Day Road, 
Sleepy Hollow Lane, Country Squire Lane, Kimberly Lane, 
and Bennington Road (east of 69th Street). The surface 
demonstrates that the majority of the study area is
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Figure 2.2: The paved street surface (azimuth 0, altitude 60).
The view is to the north.
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without access to paved streets.
2.2.3: The Utility Surfaces
The utility surfaces were generated in a similar
manner. Information for the sewer surface was provided 
by a 1985 sewer main map from the Omaha City Planning
Department. Information for the water and gas surfaces 
was provided by 1985 maps from the Metropolitan Utilities 
District (MUD).
The utility surfaces created were as they appear in 
Figures 2.3, 2.4, and 2.5. The maximum index values
assigned to the sewer, water, and gas surfaces were 50, 
40, and 20, respectively. Cumulatively, the surfaces
show that utility service is predominantly located in the
eastern half of the study area.
2.2.4: The Slope Surface
The creation of the slope surface was achieved 
through the use of a quadrangle map (scale: 1:24,000)
from the United States Geological Survey (USGS). The 
10-foot contour interval on the map was deemed acceptable 
for the purposes of this study (i.e., for the purpose of 
determining the suitability of the terrain for 
residential development) (Kerkhoff, 1986; and Trustin, 
1986). A binary classification delimiting areas of
28
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Figure 2.3: The sewer main surface (azimuth 0, altitude 60).
The view is to the north.
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Figure 2.4: The water main surface (azimuth 0, altitude 60).
The view is to the north.
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Figure 2.5: The gas main surface (azimuth 0, altitude 60).
The view is to the north.
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favorable and unfavorable topography was employed to 
generate the surface.
Generally, slopes in excess of 15% are considered 
undesirable for the type of development being assumed for 
this study (i.e. single-family, middle-income,
middle-density). Such steep topography means
considerable expense in the form of one or all of the 
following: cut and fill, sub-foundations, and retaining
walls (National Association of Home Builders, 1974). The 
classes used serve to indicate development feasibility as 
a function of slope. The areas with slopes in excess of 
15% were grouped in the "unfavorable" category and 
assigned an index value of "0." The areas with slopes 
less than or equal to 15% were grouped in the "favorable" 
category and assigned the index value "1." These index 
values permitted the omission of the steep-sloped areas 
when the aggregate desirability surface was multiplied by 
the slope surface (See discussion in Section 2.3.1).
The slope surface was derived from the USGS 
quadrangle map employing the 15% slope figure as the 
class break. The contour spacing (i.e. the distance 
between adjacent contour lines) representing 15% slope 
was determined and used as a means to partition the study 
area into regions of favorable and unfavorable slope. 
The resultant surface (See Figure 2.6) was saved to be 
used in the creation of the final desirability surface.
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Figure 2.6: The slope surface. The shaded regions de 
limit areas with slopes in excess of 15k.
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For the purpose of contrast, three-dimensional 
surfaces were generated for the original USGS contour map 
as well as the slope surface (See Figures 2.7 and 2.8). 
The former is referred to as a digital elevation model 
(DEM) and represents a grid-cell approximation of the 
terrain. Inspection of the two surfaces reveals marked 
contrast. The slope surface depicts areas of favorable 
and unfavorable slope regardless of elevation. Thus, 
when displayed in three dimensions, the areas of 
favorable slope are represented as the elevated areas 
regardless of their actual situation (i.e. hilltop, 
valley, or sideslope). This portrayal provides a unique 
view of the landscape with respect to its suitability for 
residential development.
2.2.5: The Land Use Surface
The land use surface was created by similar means. 
The information utilized included a 1985 aerial photo 
(scale: 1:2,400) of the study area from the Omaha City
Planning Department and 1985 cadastral maps from the 
County Assessor's Office. Again, a binary classification 
system was employed. The classes were entitled 
"developed land" and "undeveloped land." Undeveloped 
land, with an index value of "1," was defined as those 
areas with essentially no built upon land and included 
agricultural lands and woodlands. Developed land, with
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Figure 2.7: The digital elevation model (DEM) of the study
area (azimuth 0, altitude 40). The view is to the north.
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NFigure 2.8: The slope surface depicted in three dimensions
(azimuth 0, altitude 60). The raised regions represent areas 
of favorable slope. The view is to the north.
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an index value of "0," was defined as those areas within 
which the majority of the land (50% or greater) had been 
built upon. These index values permitted the omission of 
the developed areas when the aggregate desirability 
surface was multiplied by the land use surface (See 
discussion in Section 2.3.1). For this study, a 
subdivided lot with a house on it was considered as 
developed land.
The aerial photo was used in conjunction with 
cadastral maps to determine how individual parcels would 
be classified. For example, certain sections within the 
study area appeared largely undeveloped; however, 
inspection of the cadastral maps revealed that these same 
areas had been subdivided. Further, it was discovered 
that virtually every lot contained a house. Three such 
cases were discovered and subsequently classified as 
developed land. The areas sited included 72nd Street and 
Rainwood Road, 60th Street and Rainwood Road, and 72nd 
Street and Morgan Circle. Additionally, two parcels in 
the study area were found to serve a public function and 
were also placed in the developed category. These 
included an MUD water reservoir/pumping station on 
Rainwood Road west of Bennie Day Road and a sewage lagoon 
in the extreme northeast corner of the study area just 
west of 60th Street (Reference Figure 1.4). Isolated 
homes on large single-ownership tracts were absorbed by
37
the undeveloped land category on the assumption that they 
could be readily integrated into subsequent development. 
This decision was also based on the desire to have a less 
"cluttered" surface.
The resultant surface (See Fiqure 2.9) reveals the 
parcels within the study area that are available for 
development. As before, the surface was digitized, 
converted to raster format, and saved to be used in the 
creation of the final desirability surface. A percentage 
analysis of the surface revealed that the majority of the 
study area (55.9%) is undeveloped.
2.3: THE FINAL DESIRABILITY SURFACE
The culminating step was the creation of the final 
desirability surface. This was achieved through the 
integration of the six surfaces. The final surface 
depicts residential development desirability from the 
standpoint of economic feasibility.
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Figure 2.9: The
delimit areas of
land use surface. The shaded regions 
developed land.
aggregate desirability at each individual point as well 
as the spatial variability of desirability across the 
surface (See Figures 2.10 and 2.11). The second step 
involved two successive multiplications of data matrices. 
The first multiplication involved the aggregate 
desirability surface and the land use surface. The 
subsequent multiplication involved the "new" aggregate 
desirability surface and the slope surface. The 
multiplications served to "zero out" (See Appendix 2) the 
developed or excessively steep-sloped areas and show only 
the undeveloped parcels with favorable topography and 
their corresponding level of aggregate desirability. The 
final desirability surface is depicted in Figure 2.12.
2.3.2: Analysis and Evaluation
An analysis of the surface reveals two primary 
clusters of peak desirability. One cluster is located in 
the extreme northwest corner of the study area lying 
predominantly between McKinley Street and Bennington 
Road. The second cluster, in the southeast region of the 
study area, is situated primarily along McKinley Street 
with a secondary peak area to the northeast along 60th 
Street. Additionally, four smaller peaks appear at 
isolated locations within the study area.
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Figure 2.10: The aggregate desirability surface (azimuth 0,
altitude 60). The view is to the north.
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Figure 2.11: The "best view" (i.e. least amount of information
"blocked") aggregate desirability surface (azimuth 330, altitude 
60). The view is to the southeast.
Figure 2.12: The final desirability surface (azimuth 0, al ti ­
tude 60). The view is to the north. The surface reveals two 
primary clusters of peak desirability--one in the northwest 
corner and one in the southeast corner of the study area.
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The surface depicts the areas that are the most 
desirable for residential development. But, exactly how 
desirable are these areas? In other words, while
three-dimensional displays clearly reveal peaks and
valleys graphically, they lack a numeric component.
Therefore, to numerically analyze the findings, contour 
maps of the final desirability surface were generated.
2.3.3: The Contour Maps
The contour maps generated (See Figures 2.13 and
2.14) permit ready numeric interpretation of the study 
area that was not possible with the three-dimensional 
surface (Figure 2.12). But what do the numbers mean? 
Recall, first of all, that the initial index values for 
the desired features were doubled to enhance the vertical 
contrast. Therefore, the index values used were as
follows: paved streets (90), sewer mains (50), water
mains (40), and gas mains (20). It follows that the
highest possible level of desirability in this study 
would be an aggregate value of 200. Theoretically, a 
value of 200 means that a minimal amount of money would 
have to be spent on the installation of paved streets and 
utilities (i.e. the features are already in place). An 
inverse relationship exists between the aggregate level 
of desirability and cost. For example, a site with an
aggregate value of 50 would entail installation costs
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Figure 2.13: The contour map of the final desirability surface (contour 
interval = 30 feet). The view is to the north.
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Figure 2.14: The "smoothed" contour map of the final desirability sur­
face (contour interval = 30 feet). The view is to the north.
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significantly greater than a site with an aggregate value 
of 150. In other words, at the latter site the majority 
of the desired features have already been installed.
Within the study area there are two primary clusters 
of peak desirability— one in the northwest and one in the 
southeast corner of the study area. An examination of 
the three-dimensional representation (Figure 2.12) 
revealed that the two clusters appear to be, if not 
equal, very close in terms of aggregate desirability. 
Subsequent analysis of the contour maps revealed that a 
substantial difference existed between the two clusters. 
Whereas the northwest cluster had a value of 90, the 
southeast cluster peaked out at 150. These values 
indicate that the development of the southeast area would 
entail considerably lower installation costs as compared 
to the development of the northwest area.
A closer analysis revealed the reasons behind the 
numbers. The individual desirability surfaces (Figures 
2.2, 2.3, 2.4, and 2.5) revealed that, while both peak 
areas are served by paved streets, it is only the
southeast cluster which has access to utility service. 
It follows that the northwest cluster has an aggregate
desirability level of 90 as opposed to the southeast
cluster which has an aggregate value of 150. The 
presence of paved streets accounts for 100% of the total 
desirability for the northwest area. Conversely, the
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total desirability of the southeast area is the result of 
a combination of indices. Specifically, the presence of 
paved streets accounts for 60% of the total desirability; 
water service accounts for 26.7% of the total; and gas 
service accounts for 13.3% of the total. Development of 
the northwest area would entail the installation of all 
the utilities (i.e. sewer, water, and gas) whereas the 
southeast area would require only the installation of a 
sewer system.
Overall, only one location (directly north of the 
southeast cluster) received an aggregate desirability 
value of 200. However, because the area is already 
developed, it does not appear in the final desirability 
surface. The final surface demonstrates that, as based 
on the selected criteria, very little of the study area 
is desirable for residential development.
The percentage of desirable land is indicated in 
Table 2.1. Percentages were calculated for four 
threshold values of desirability (i.e. 1, 50, 100, and
150). The analysis revealed that 6.9% of the study area 
registered desirability (i.e., a value greater than 
zero). The percentages revealed a decrease in area with 
increasing desirability. Areas with an aggregate 
desirability of 50 or greater accounted for only 5.1% of 
the study area. Further, areas with total desirabilities 
equal to or greater than 100 and 150 accounted for only
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Table 2.1: Percentages of Desirable Land
Threshold Value of Desirability Percentage
1 6.9%
50 5.1%
100 0.7%
150 0.3%
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0.7% and 0.3% of the study area, respectively. These 
percentages represent the result of one possible set of 
parameters. Manipulation of the parameters (for example, 
increasing the accessibility limit or altering the 
relative weightings of the indices) would result in
changes in the percentages of desirable land.
The above analysis is indicative of the value of 
computer technology in overlay applications. Computers 
provide a level of objectivity and accuracy superior to 
that of their human counterparts. In the present study, 
the computer brought out desirable areas not anticipated 
by visual inspection of the original maps.
2.4: CHAPTER SUMMATION
This chapter discussed the methodology and 
considerations involved in the creation of the GIS. A
variety of surfaces were generated and analyzed
culminating with the creation of the final desirability 
surface. Subsequent analysis and evaluation of the final 
surface revealed that the majority of the study area
(93.1%) is presently not desirable (or available) for 
residential development.
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CHAPTER III: A COMPREHENSIVE GIS FOR RESIDENTIAL 
DEVELOPMENT PLANNING: CONSIDERATIONS AND SUGGESTIONS
The designing of a comprehensive GIS for residential 
development planning incorporates numerous
considerations. First, the system would have to account 
for all variables pertinent to the site selection 
process. Second, the system would ideally be as general 
purpose and automated as possible. Finally, such a 
system would be user friendly and provide fast output. 
The following discussion describes one possible GIS--the 
considerations involved and the capabilities thereof.
The creation of a comprehensive GIS for residential 
development is indeed a formidable task. The creator is 
confronted with a large and diverse collection of 
information. The task is further complicated by the 
presence of important unquantifiable factors. Primary 
examples include the personal preferences and attitudes 
of the developer and the home owner. Consequently, a 
"comprehensive" GIS for residential development will 
doubtless never achieve its full potential because of the 
elusive nature of some of the data. Nevertheless, 
development of an overall GIS would still prove useful as 
a majority of the economic factors are quantifiable. The 
designing of such a system should be based on the 
following fundamental considerations: (1) the size and
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resolution of the data base; (2) the parameters (and 
associated weightings) employed; (3) data capture; (4) 
data handling; (5) data output; and (6) hardware/software 
requirements and limitations. Each of these
considerations will be addressed in the following 
di scussi on.
Beginning with the data base, a comprehensive CIS 
should ideally provide the user the luxury of 
unrestricted areal analysis ranging in size from the 
entire urban area down to, perhaps, a single house lot. 
Such a data base would allow the user to analyze the city 
as a whole and then select specific sites (of virtually 
any size) for more detailed analysis. Realistically, 
however, a comprehensive data base for an entire city 
would not be feasible. The creation of such a data base 
would be costly in terms of time and money. Further, by 
the time the data base is completed, it would be 
outdated— particularly in the case of the
rapidly-changing urban fringe for which this system is 
largely intended. Thus, additional costs would be 
involved to continually update the data base. An 
additional consideration concerns resolution. Such a 
data base would necessarily require very fine resolution 
to provide an accurate and meaningful analysis. The 
correspondingly large data matrices would entail 
considerable processing time and thus further reduce the
52
feasibility of the system.
In response to the aforementioned constraints, a 
sectional analysis is proposed. One possible approach 
would entail the division of the urban area into 
quadrants for the purpose of general analysis. Then, as 
based on these initial data bases, the user could select 
any number of smaller sites for further analysis. For 
example, sub-areas of 1 or 16 square miles (as based on 
the township and range survey system) could be employed 
(See Figure 3.1). Irregularly-shaped areas would be a 
second option. Regardless, the use of smaller areas 
would reduce the costs of updating while permitting 
meaningful analyses with coarser resolution data. The 
resultant smaller data matrices would entail less 
processing time and thus further enhance the utility of 
the system.
Following site selection, the next step would 
involve the selection of the parameters (i.e. indices of 
desirability) and the associated weightings. An ideal 
system should address all factors pertinent to the site 
selection process and thus largely negate the need for 
assumptions that was experienced in the present study. 
In addition to the parameters used in the current study, 
a variety of additional factors should be incorporated. 
Included are the following: zoning, accessibility,
proximity to employment, distance to offsite utility
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Figure 3.1: A sectional analysis approach. The City of Omaha has
been divided into quadrants. The northwest quadrant has been su b­
divided into one square mile sections for more detailed analysis.
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connections, proximity to amenities and detriments (for 
residential development examples would include parks and 
heavy industry, respectively), soil suitability, and 
demographics (See Table 3.1 for a complete listing).
Ideally, the system would provide a menu from which 
the user could select any combination of parameters and 
weightings as determined by his/her informational needs. 
Further, the system would allow for the relaxing of 
parameters. Because changes in location, situation, and 
type of residential development affect the relative 
importance of the parameters, it would be useful to be 
able to relax, or even omit, parameters to reflect their 
lesser importance.
In the working GIS developed in this study, the 
relaxing of parameters would entail a lowering of the 
index value and/or an increasing of the accessibility 
limit away from the desired feature. The system would 
require extensive re-digitization to increase the 
accessibility limit, whereas an ideal system would merely 
require the changing of a number. In other words, the 
ideal system would have a built-in algorithm to replace 
the original accessibility limit with the new 
user-specified distance.
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Table 3.1: Residential Site Selection Considerations
Acreage
Topography-
Zoning
General location
Utility availability
Availability of water
Accessibility
Easements
Soil suitability
Subsurface suitability (i.e. Geology)
Drainage
Proximity to amenities (i.e. parks and shopping centers) 
Proximity to detriments (i.e. heavy industry)
Proximity to employment 
Traffic flow 
Demographi cs
Spatial relationships among existing land uses 
Location of undeveloped and underdeveloped land 
The comprehensive plan
(Source: National Association of Home Builders, 1974)
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Given the set of pre-selected parameters and
weightings, the computer would then perform the analysis 
and generate aggregate desirability data for the
individual sites. The system could calculate the total
area suitable for residential development as based on
some threshold value of aggregate desirability. The
threshold value would be determined by the user, thus
permitting him/her to be as selective as desired. One 
possible data output would include the following: a
listing of the parameters, weightings and threshold 
values employed; the total desirable area (calculated in 
square units and as a percent of the total area of each 
site); and maps depicting the information in a variety of 
forms (3-d, contour, and/or class shading) as specified 
by the user. The system could provide a rank-order of 
sites from best to worst as based on, for example, the 
total area of desirable land within each site. Overall, 
such a flexible system would provide the user a variety
of views of an area regarding desirability for
residential development.
A fundamental consideration for geographic 
information systems is data capture and herein 
significant problems arise. Ideally, the system should 
perform all the required data acquisition relying on the 
user solely for the provision of appropriate maps and 
imagery. However, present computer technology quite
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simply does not possess the sophistication required to 
handle such a task. Case in point: innate human
abilities such as photo interpretation, the recognition 
of geometric shapes, generalization, and critical 
reasoning are largely beyond the computer's comprehension 
(more research in artificial intelligence is needed to 
improve the computer's abilities in these areas; 
although, processing time might then prove to be a 
deterrent). Consequently, data capture will remain 
largely the responsibility of the user for at least the 
near future. In brief, computer automation can provide 
valuable assistance in the data capture process but 
cannot perform the task independently without the 
guidance of man's higher level abilities. However, once 
the initial files are created, the remainder of the data 
analysis process could be largely automated.
A final consideration is hardware. In order to meet 
the demands of a comprehensive system, certain 
fundamental capacities would be required. First, 
resolution would have to be of an order that would 
provide an accurate representation of the information. 
Finer resolution would be preferrable but only to the 
point where the benefit of improved accuracy would be 
negated by the burden of longer processing time. 
Correspondingly, an ideal system would include a 
high-speed computer to generate "real-time" output.
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Also, such a computer would need sufficient storage 
capacity to accomodate the potentially large amount of 
data that a GIS can involve.
It should be noted that start-up costs for a 
computer-based GIS can be substantial. Primary expenses 
would include the purchase and installation of the 
hardware (unless it is already in place), the purchase or 
development of the software, and the debugging of the 
system. The costs can and do run into the tens and 
hundreds of thousands of dollars. It follows that the 
feasibility of a GIS will ultimately be determined by the 
informational needs and monetary resources of the user. 
For example, the term "feasibility," as defined by a 
small private developer and a large governmental agency, 
would likely reveal a considerable difference of opinion; 
again, owing to the disparity of resources available to 
each. The requirements vs. resources consideration will 
yield a GIS unique to the situation of the user.
In summary, the preceding discussion has revealed a 
fundamental aspect of geographic information systems. 
While the theoretical design of a comprehensive GIS is 
relatively simple, the actual creation of such a system 
is inherently more difficult. In large part, the 
problems arise because the computer is presently 
ill-equipped to emulate certain capacities of the human 
mind. Additionally, the user may be confronted by
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monetary constraints. Subsequently, the development of 
geographic information systems, or any computer-based 
systems for that matter, has been and will be a 
compromise for the foreseeable future. Regardless, the 
utility of GIS is evident and ever-increasing as newer 
and more advanced systems come on line.
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CHAPTER IV: CONCLUSION
4.1: RESULTS AND CONCLUSIONS
The purpose of this study was the creation of a 
geographic information system for residential development 
planning as based on the presence or absence of selected 
physical attributes (i.e. paved streets, utilities, and 
favorable topography). The initial goals of the study 
were four-fold: (1) to demonstrate that there is more to
a landscape than meets the eye; (2) to provide developers 
with a unique way of looking at some of the geographic 
concerns that confront them; (3) to hopefully provide an 
aid to developers regarding their general site selection 
decisions; and (4) to suggest a paradigm for a 
comprehensive GIS.
The study demonstrated the complexities of a 
landscape. Each of the surfaces depicts an image quite 
different from the "virgin" landscape. Particularly in 
the case of the aggregate desirability surface (Figures 
2.10 and 2.11) and the final desirability surface (Figure 
2.12), it is graphically shown that the interpretation of 
a landscape is within the eye of the beholder. Further, 
the system demonstrated its utility by virtue of its 
ability to readily integrate multiple factors and reveal 
optimal sites for residential development.
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The culmination of the study was the creation of a 
desirability surface depicting aggregate residential 
development potential from the standpoint of economic
feasibility. The final surface demonstrated that very 
little of the study area (6.9%) is presently desirable 
for residential development. Further, the surface 
revealed that the majority of the desirable land was
concentrated in two clusters— one in the northwest and
one in the southeast corner of the study area. It is 
likely that with continued city growth (and 
infrastructure expansion), the area will increase in
desirability in the future.
This initial system was not problem-free. Beyond 
the inevitable hardware/software restrictions and 
inconviences, problems were encountered that were not 
entirely resolved. The fundamental problem was the 
considerable number of variables involved in the study. 
Uncertainties included the specific type of development 
under consideration and the capacity and offsite 
availability of utilities. To account for these and 
other considerations, assumptions were made and then 
justified. The assumptions were made in light of the 
study's conceptual orientation and the corresponding 
desire to keep the system manageable. Future 
applications could address the variables directly by 
expanding the system to include additional factors and
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thus largely negate the need for assumptions.
The system created represents a working part of a 
would-be comprehensive GIS for residential development 
planning. Before any real-world applications are 
undertaken, an expansion of the system would be required. 
However, this working system displays potential as a good 
starting point towards the creation of more advanced 
systems that would accommodate ever-larger and more 
diverse data bases.
4.2: SUGGESTIONS FOR FUTURE RESEARCH
Geographic information system technology is a recent 
phenomenon. As such, the full potential of the field has 
yet to be realized. New applications and modifications 
of existing applications are arising continually. This 
study employed raster-oriented techniques in the creation 
of a GIS for residential development potential. This 
thesis serves not only to demonstrate the potential of 
such a system but further provides the stimulus to 
conceive of a variety of academic and non-academic 
research possibilities.
In keeping with the emphasis on development 
potential, a few ideas arose. One possibility concerns 
the determination of the best type of development for a 
particular area. Such a study could employ "suitability
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scenarios" to test the feasibility of specific types of 
development for the area or areas in question (Jensen, 
1986). Each scenario would consist of a variety of 
appropriate factors and weightings pertaining to the type 
of development under consideration. A second possibility 
addresses the determination of optimal sites for specific 
land uses on a city-wide basis. Though admittedly an 
enormous task, such a GIS would prove quite useful to 
developers (Kerkhoff, 1986; and Trustin, 1986). The 
system could be designed to show only sites above some 
threshold value of desirability; thus, a developer could 
look at site potential from the very best sites on down, 
as circumstances warranted. A third idea concerns the 
delimitation of socio-economically depressed sections of 
a city. A study of this kind would be of particular use 
to city planners as it would reveal prime targets (in 
ordinal form) for rejuvenation projects within the city.
Several possibilities came to mind in the area of 
temporal analysis. One potential study would answer the 
following question: Within a given area, were the best
sites developed first? Such an analysis would entail 
going back in time to a year when the area was wholly
undeveloped, determining the sites most suitable for 
development, and then progressing forward in time to see
if the best areas were, indeed, developed first. Aerial
photos and cadastral maps could be used to chart
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development within the study area. Further, the study 
could be extended to predict future growth patterns.
Another possibility concerns the mapping of land 
values. Developers use land values as an indicator of 
site desirability. In the development business it is 
common knowledge that the sites with the most potential 
for success are those sites located adjacent to existing 
developments. As one knowledgeable person said: "don't
be a pioneer" (Black, 1986). There is safety in numbers 
in the development game. Correspondingly, developers are 
very interested in development trends (i.e. they want to 
go where the "action" is). Land value surfaces would be 
a useful means by which to monitor development trends 
(i.e. site desirability) for future development
considerations (Black, 1986).
Other temporal possibilities include the spatial 
analysis of ethnic groups within a city and the effects 
of urban renewal projects. Concerning the latter, an 
interesting study could be done on the effects of such 
projects on land values. Land value surfaces could be 
generated to reveal the effects of urban renewal over 
time. Yet another possibility would be a testing of 
Berry's urban density surface hypothesis (Rugg, 1979). 
Specifically, a land value surface could be generated for 
a city to test whether or not the city possesses a land 
value pattern comparable to Berry's proposed "circus
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tent" of primary and secondary nodes.
The above suggestions represent but a few of the
h. The
t and
ever-increasing
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APPENDIX 1: COMPUTER RESOURCES UTILIZED
A variety of computer hardware and software 
resources were employed in this study. The hardware used 
included the NUMONICS digitizer, the SELANAR graphics 
terminal, and the HIPLOT plotter located in the Remote 
Sensing Applications Laboratory (RSAL), and the GIGI 
graphics terminal located in the Cartography Laboratory. 
Both the PDP computer (at RSAL) and the VAX super 
mini-computer were employed to perform the considerable 
amount of data processing that was required to generate 
the surfaces.
The programs used in this study are part of the 
Raster Geographic Information System for Mapping (RGISM) 
library developed at UNO. RGISM was written in modular 
rather than monolithic form with the result being a 
uniquely flexible and easily expandable system. The 
programs employed were the ELEVMOD and POLYFILL programs 
to perform the interpolation and vector-to-raster 
conversions, the ADD program to combine data matrices, 
the MULT program to multiply data matrices, and the 
PERCENT program to perform the percentage analysis. 
Additional programs used included the NUMON program to 
digitize the data, the NEWTRID program to generate the 
surfaces, and the SURFACE II graphics package to create 
the contour maps.
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APPENDIX 2: DATA MATRIX MANIPULATIONS
The performing of mathematical operations on data 
matrices is accomplished on a cell-by-cell basis. For 
example, in the addition of two data matrices, each cell 
in the first matrix would be added to the like-positioned 
cell in the second matrix. The present study required 
both the addition and multiplication of data matrices. 
The RGISM programs ADD and MULT were used to perform the 
operations. Diagrams 1 and 2 below demonstrate the 
processes of matrix addition and multiplication, 
respectively.
Diagram 1: Matrix Addition 
1 0 2  0 2 2  1 2 4
2 1 1  + 1 0 1  = 3 1 2
1 0 0  2 0 1  3 0 1
Diagram 2: Matrix Multiplication
2 1 2 2 2 6 4
0 X 0 2 1 = 0 4 0
3 3 1 0 3 1 0
68
REFERENCES
Alonso/William. Location and Land Use. Cambridge, MA: 
Harvard University Press, 1968.
American Institute of Real Estate Appraisers. The Appraisal 
of Real Estate. Chicago: American Institute of Real
Estate Appraisers, 1974,1-7,31-48,108-46.
American Society of Photogrammetry. Manual of Remote Sensing. 
Falls Church, VA: American Society of
Photogrammetry,198 3.
Baerwald,Thomas J. "The Site Selection Process of Suburban 
Re- sidential Builders." Urban Geography,Vol. 2,1981,
339-57.
Baker,Robert D., et al. "Land-Use/Land-cover Mapping From 
Aerial Photographs." Photogrammetric Engineering and 
Remote Sensing,Vol. 45,1979,661-68.
Balchin,Paul N., and Jeffrey L. Kieve. Urban Land Economics. 
London: MacMillan Press Ltd.,1977.
Bessette,Andy Francis. "The Residential Desirability Surface 
of Rhode Island: Factors Influencing Movement Behavior."
Masters thesis. University of Rhode Island,1977.
Black,Leon. Real Estate Appraiser. Personal Interview. 
May,1986.
Brigham,Eugene F. "The Determinants of Residential Land 
Values." Land Economics,Vol. 41 , 1965 , 32 5-34 .
Burchell,R.W. Planned Unit Development. New Brunswick,NJ: 
Rutgers Universi ty,197 2.
Cadwallader,Martin T. Analytical Urban Geography: Spatial
Patterns and Theories. Englewood Cliffs,NJ: Prentice-
Hall, 1985.
Chapin,F.S., and S.F. Weiss. Factors Influencing Land 
Development. Chapel Hill: University of North
Carolina,Institute for Research in Social Science, 1962 .
Clark,Thomas Arthur. "The Urban Residential System: Spatial
Simulations." Dissertation. University of Iowa,1975.
Cooper,James R., and Karl L. Guntermann. Real Estate and 
Urban Land Analysis. Lexington,MA: Lexington Books,
D.C. Heath and Company,1974,37-78,671-732.
69
Crawford,Paul V. , and Ruth A. Marks. "The Visual Effects of 
Geometric Relationships on Three-Dimensional Maps." The 
Professional Geographer, Vol. 25, 1973,233-38.
Dangermond,Jack. "Software Components Commonly Used in 
Geographic Information Systems," Environmental Systems 
Research Institute, Redlands,CA,1982.
Darin-Drabkin, Haim. Land Policy and Urban Growth. New York: 
Pergamon Press,1977,1-44,189-236.
Davis,John C., and Michael J. McCullagh (eds.). Pi splay and 
Analysis of Spatial Data. New York: John Wiley and
Sons, 1975"!
Doherty,William J. "The Concept and Design of a Computer 
Model for Forecasting Urban Growth and Dispersion." 
Masters thesis. Florida State University,1977.
Evans,Alan W. The Economics of Residential Land Location. 
New York: St. Martin's Press,1973.
Farmer,Francis A. III. "Residential Location
Characteristics." Dissertation. University of
Pittsburgh,1970.
Graybeal,R .S . "A Model for Forecasting Residential
Development." Papers, The Regional Science Association, 
Western Section,1966,134-39.
Grime,Bruce. "A Terrain Classification System for Residential 
Land Use Planning: A Study of the Use of Natural
Resource Information in Comprehensive Regional Planning." 
Masters thesis. Queen's University, 1971.
Grove,Hal. Hal Grove and Associates. Personal Interview. 
May,1986.
Hallam,Cheryl A. "A Guide to Land Use and Land Cover Digital 
Data in the Geographical Retrieval and Analysis System 
Format," U.S. Department of the Interior Geological 
Survey, Reston,VA,1981.
Jensen, Steve. Omaha City Planning Department. Personal 
Interview. November,1985 and February,1986.
Jackson,M .J ., et al. "Urban Land Mapping From Remotely Sensed 
Data." Photogrammetric Engineering and Remote Sensing, 
Vol. 46,1980,1041-50.
Johnston,R .J . Urban Residential Patterns. New York: Praeger
Publishers,1972.
70
Kerkhoff,Jon. Seldin Development. Personal Interview. 
October, 1985 and February,1986.
Land Classification Advisory Committee of the Detroit 
Metropolitan Area. Land Use Classi fication Manual. 
Chicago: Public Administration Service,1962.
Li 11isand,Thomas M. , and Ralph W. Kiefer. Remote Sensing and 
Image Interpretation. New York: John Wiley and
Sons,197 9.
Lounsbury,John F.(ed.). Land Use: A Spati al Approach.
Dubuque, IA: Kendall/Hunt Publishing Company,1981.
Marble,Duane F. Computer Software for Spatial Data Handling. 
Ottawa, Ontario: Commission on Geographic Data Sensing
and Processing,1980.
Matz,Monte. Progress West Corporation. Personal Interview. 
October,1985.
Meinig,D .W.(ed.). The Interpretation of Ordinary Landscapes: 
Geographical Essays. New York: Oxford University Press,
1979 .
Mitchell,William B. et al. GIRAS: A Geographic Information
Retrieval and Analysis System for Handling Land Use and 
Land Cover Data. Washington: U.S. Government Printing
Office, 1977.
Monmonier,Mark S. "Viewing Azimuth and Map Clarity." Annals 
of the Association of American Geographers, Vol. 
68,1978, 180-95.
Monmonier,Mark S. Computer-Assisted Cartography: Principles
and Prospects. Englewood Cliffs,NJ: Prentice-Hall,1982.
Moriarty,Barry M. "Locational Preferences and the Pattern of 
Residential Growth in the Lansing-East Lansing, Michigan, 
Metropolitan Area." Dissertation. Michigan State 
University, 1970.
National Association of Home Builders. Land Development 
Manual. Washington, D.C.: National Association of Home
Builders,1974.
Nijkamp,Peter and Piet Rietveld (eds.). Information Systems 
for Integrated Regional Planning. New York: Elsevier
Science Publishing Company,1984.
Omaha City Planning Department. Housing Development 
Study(Draft), November,1985.
71
Pauer,Gyula. "Residential Land Developer's Behavior in 
Lexington, Kentucky." Dissertation. University of 
Kentucky,1983.
Pederson,E .0. Transportation in Cities. New York: Pergamon
Press,1980,14-30.
Peuquet,Donna J. "Raster Processing: An Alternative Approach
to Automated Cartographic Data Handling." The American 
Cartographer, Vol. 6, October,1979,129-39.
Ratliff,Richard U. Urban Land Economics. New York: 
McGraw-Hill, 1949.
Real Estate Research Corporation. Infill Development
Strategies. Washington,D .C .: Urban Land Institute and
American Planning Association,1982.
Ross,John. "The Feasibility of Using a Geographic Information 
System to Monitor Change in a Portion of the Rural-Urban 
Fringe in Omaha, Nebraska." Masters thesis. University
of Nebraska at Omaha, 1984.
Rugg,Dean S. Spatial Foundations of Urbanism. Dubuque,IA: 
W.C. Brown Company,197 9.
Rhoda,Richard. Urban and Regional Analysis for Development 
Planning. Boulder,CO: Westview Press,1982.
Semenow,Robert W. Questions and Answers on Real Estate. 
Englewood Cliffs,NJ: Prentice-Hall,1978.
Stegman,M.A. "Accessibility Models and Residential 
Location." Journal of American Institute of Planners, 
Vol. 35, No. 1, January,1969,22-29.
Trustin,Yale. Trustland Development. Personal Interview.
October, 1985.
Yeates,M.H., and B.J. Garner. The North American City. New 
York: Harper and Row,1980.
72
